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v^&o-s. #^*Kr f^-, *ni *fl*i ^13 £ afll £ A}2 ^1^, *f|l ^ 

^ #^*Hr ^-^-21 £ £^¥-2] ^13 ^Ml ^#5^ 

3 3^7} £^»M ^13 <^TEH ^ „ -^o. ^^tf . 

£ 3 

^ sis, ^ £^¥- 
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^ QS- 7fl^d^ s]S.{Mixer Circuit having Improved Linearity and 



Noise Figure} 



l£r #efls^ € *H £^1*1- si 5. 51. 



5L 2^ ^2fl^ Cf= ^A-] 5)^1- SAl^l 33.51. 



51 3£: ^^Al^c^l 4= nl*| SJS-I- £Al*V S]3.51. 

£ 4^r ^ ^aHH 14^- nix-] 51*1*} 5|5.51. 

£ 5^ ^ t}^ A] oil oil 5j^t 51^*} 51S.5L. 

51 6tt tf-g- ^JAHloll nlA-1 35.* 51*13} SlS.51. 



<5L^ ^iL -^-g-ofl tfltr a|^> 



310: 



330: 



301: ^^-2] 



303: ^-S-f 2} 



305: *U 



307: ^12 



309: £tMr^ *fl3 



311: ^^fs} ^11 



313: ^^Hf^l *\]2 



BN31: *fll NPN B^fl^l^Ei 



BN32: ^12 NPN H^*liEi 



BN31: *fl3 NPN Biffl*l^£l 



C31: THsflAlE^ 



131: XI l ^ 
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V 

<15> .M. ^o. ^ Ali EflcHl ^ ^o S ^ cJ4^ a^I^I^. ^ ^-o. 7 J|^ 

<16> ^ s]^^ ^ -S-i! Al^Efl^^ ai^I- ^S(modulation) ^-S(demodulat ion)^> 

<18> £ H 5LA]5] y>Sf Zj-o], ^Eflo] nl^ 3^ ^h.( 110 ) ^ ^-(130)5. ^ 

^^-(110)^ *1]1 NPN B^^l^Hi BN11 ^ 5)2)- °J 3*1*1^ LI 11- ^f-^Jl, Vin 
oil 9l7}Q ^15:1- ^^(130)S ^^(130)^ ^12 ^ *l]3 NPN 

El BN12, BN13 ^ ^11 ^ A2 ^} Rll, R12# 5£^>J1, #7} ^=pf(110HH 

^Issf ^ ^ ^]Jl L0+, L0-1- ^^V^, ^^(Intermediate Frequency) ^ 7} A 

tfl^ (Baseband) . 

<20> $3,2) ^^^(110)^ oflulEi ^(common emitter) npn S^^I^bI 

BNll^ alH^ofl <y 7 ]->g Aijr Vinl- «§^-*M ^-¥-(130)5. t^tr^. 
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<2i> ^ $3.4] ^^(130)^ aflo]^ ^(common base) ^2^1, <#7] #^(110)^ % 

% ^\S-2\ ^ t^l L0+, L0-» ^4^r Stt 7l*| tfl^ ai^I- 



^, JE *H s|^r ^ ^^-(110)^4 Hfloj^ ^ 

^^-(130)* ^ ^1 7l JL , ^^f(130H X)2 ^ XI 3 NPN BMiEl BN12, BN13^ afl 

ol^ofl ^ Al jr L0+, L0-& ^17>^-A^.^ , XU NPN JE€*l^El BN31^ ^ o] ^ofl o] 7 }s] 

RF ^1^4 ^3 5.-^- *}:n &t}. 

#3 ^XI3 f^-^-(llO)^ t(| l NPN B^l^ BNll°fl ZL3.±r #^7} XI 2 ^ 
XI 3 NPN BN12, BN13°fl -=-<H*> 7}^cf. ccf^ , ni^ 5] 5. 

^ -ti^-i- ^°l7l (130)2] XI 2 5 XI 3 NPN B^*)^ BN12, BN13°fl ^.s^ 3 

fh» ^7>A] 71 ^ , ^^.^-(110)^1 XI 1 NPN Hiffl*]iEi BN3lofl jL=.-b ^-X\6\) #7>£|ul, 

°]3,*q, ^H?-(110)3 #7Hr}Xl f^-QlO)^ ol^. - 7 ].^ rq^ 

# ^|«fl*>jl, XI 1 NPN B^^l^Ei BNll^ #^E-1 * oflnlE^ Vce<>l H^tNl ^ 
7>a1 ? 1^ -2.^1^ -id^°] *1*fl£|fe ^Xl# ^efl^cf. ufoV7>, ^Hf(llO) ^ ^ 

-^(130)3 01=.^- =-^3.03. X|<H« <r ^^S.^, 3S£l #<8>8 ^ ^-i" 
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<25> ^ ^«(no) ^ ^^Hf (130)^1 ^ ^ ^^^^ 2|^S1- A^ol cf^-ofli 

-i^-al, #^(110)1- ^^-(130)4 3}^ *H SI SI- $-$*Hr 53^ *H S)S 

<26> BlAi ^ ^ ^H3# 7fl^A]7l7l ^ tr ^2fl 7l £5L*1 , nj Ofr^ Jf-^ ^ 

5 ,532, 637J:oll 7flA]^ niA^ 3} 5.7}- ^rf. 

<27> £ 2^ *l^*g^ -§r*1 5,532,637^^1 7flA]^ ni^ S)S.£o]rf. 

<28> £ 2«fl £^1^ 44 ^-ol, s]s^ M) 7^9] B^4^ ^-(11-18) ^ *fll ^ *fl2 # 

^.2.^(10, 22)-& i*rtr4. *fll BSH4^1 #(11, 12)£- *1U ^ ^ I/P1+, I/Pl-^1 <?! 
7>5l^ *fll 4^ <^ -ilS^l 4*r<^ #^Ei ^ oflnlE^ ^_H1 Jl-eL^ ^=-1- ^Htr4- ^7fl^ 
*)12 H^4^4 #(15, 16), (17, 18)£r *112 I/P2+, I/P2-^l ^l7>£|^ *fl2 ^JJL 

31 *)U B€4^ ^ tfl-§-5]^ B^^liEiofl i-f-s]^ *i-fHl 44^ 44^1 B^4^4 # 
°fl *^tt 4^ ot^. ^o^tf. atb, ^12 ^_£.i(10)-cr *lll H€4^4 #(11, 12 H 

s-f-s]^ # ^7} ^7fl^ *fl2 H^4^4 ^(15, 16), (17, 18)^1 * = ^ 4^ * 
^iL4 &3E^ ?r4. 

4*1^* Srtf^l^ *}JL 5^4, *fll S*ffl4^ #(11, 12)S] #HJ]Ei ^ oflnlE^ ^ ^ 
^ Vce°l ^1 B 314^44 ^J\b\o\] *]}^-s)^ ^s. o^o. ^^^ofl £-§-o] s| 

4 ^*>Jl, 4-§- -1H34 *}^5l4 4^4 71 ^ 53 AS. ^Bl^Slcf. (Guofu niu, et al . , "RF 
Lienearity Characteristics of SiGe HBTs", IEEE, Transaction of Microwave theory and 
Techniques, vol. 49, no. 9, Sep. 2001.) 
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<30> nJ-eM, 3E. 2*11 y}<2}- £0} , ^ o^eI #<&o] ^ t ^spf 

^ ^Alofl #sj] Ei g oflnlEi 7_V^ ^o^g. 3 ^o]^ V CC "ti^l $1^ . ^>7>, 

#1^1 ^7flS] A}2 Hqfl^l^Ei #(15, 16), (17, 18 W s^LSH 

°> fe^ #3^-8: ^ SX^n SJ:«M D lf?^ ^ 5,532,637^1 7lH€ b)^ ^^ofl 

^* T^SRr ^7> 

<31> S-*^ ^ ^o) o.^*> BlA^ ^l^-^l fll*. 

<32> g £^-JfL* Zj-Z* ^2)0.3. ^0^0.3.*?, 

^13 <y?m, ^ m ^ ^12 ^1*101, m ^ ^2 <a^°n ^ <^?}s\^ ^ 

3 °J7>£1^ ^JlS}- ^11 ^ A2 #^^5. ZfrZj- ^^f, ^ 

^ ^13 ?lofl 7] 3fl A] Ei, ^ ^3 ^^^ofl ^i^- 
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Jis^s. o)vV ^ ^ if-W. 

<35> M. ^^Aj^ofl O)-^ Sl^ofl olc^Ai, ^*Kr XU 

#^^r* i^*Rr xi2 ^ xi3 ^i^, m #*hi °i7}s)^ #<y-^ 3 7Hi 7i 

Xl2 #7HH Xl3 Jis^ H7l ul « o >^:ol 7>^£l^ #3. ^S- ± 

7^12 #7> ^ 7111 ^ ^Vofl ^S}^ Jf<5} ^l^, ^ ^ ^7V^ 7)13 ^rA ^ Xl2 *1 

<36> ^. i£tgo} <^^Al^oll ^ SlS^l ^^^i , ^R 5 -^ ^ ^>^1 XU ^ Xl2 

#*>*H 3^r€ Tl^AlEi^ Dl i^tf. 

<37> ^51 ^J^AHHl rtJ-S. ej^ 5l^ol] olc^A-1 , ^^TT XU SJ^-i- ^ A <^Rr XU 

#7}, XI 1 ^*Kr Xl2 ^7>, ^ 7113 ^7}!- ^Hl^L, Till ^-7H1 <?l7>5l^ 

3.7H1 7l^*H ^1 2 ^A^Z-l 7)13 #71-5. JlS^ xj^CL] 3 7l ^ y o^°l 7>^£l^ 7fl 1 

iX, Xl2 ^ 1 cMr ^S^Rr XI 1 #7>, 7112 ^*Kr X12 #7>, ^ XI 1 ^ 4i7>Sl 

X13 #7}^ 7113 *§^*Kr X13 #7}!- ^Hl^l-Jl, XI 1 917}$^ ^ 

£| 3.7H1 7l^^H Xl2 #7}^-^ 7113 #7}S JlS^ ;£J3 o] 37 ] ^ « 0 >^=ol 7>t±l£l^ 7^2 

iX, ^ XI 1 ^ XI 2 ^7>^ #7} * ^ ^1 zJ-ZJ- XI 1 ^ XI 2 ^> 

<38> <5^ AH H 4a nl^ S]S^11 Sl^H, ^ ^#-8: LC 
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<39> ^- CfS- ^Al^ofl tt)-s nl^ ^^ojj olo^ * ^l^al, ^ ^ 

^EHl °J7>£]^ ^a]^ #^^o.5L #^«Hr Ir^f , XU ^ Xl2 <g # 

^^-ofl 34*5^ Xl3 SJ^, * XU ^ Xl2 ^HlSfcH, XU £ Xl2 AA 91 

7}$)^ Xl3 °J ^ #<*f| ^17>^^- AljLSq- XU ^ Xl2 Zj-Zf #^*>^ 

£ -^^M Xl3 ^^l ^3 ^*>7l £4* ^ if-W. 

<40> T^-S. *UHH Hfs 5^1 O^l, <g ^ ^ Xl 1 # 

*V, *8^SHr m #7>, g XI 3 ^Wl^Jl, ^1 o]7>£l^ ^<y-ofl 37I 

°11 7l^<5H XI 2 ^Hl>| XI 3 * ^21 371 ^ « 0 >^ol 7>^£]^ ^ ^7>, ^ 

^7>^1 XI 3 ^ XI 2 ^ £H1 ^^slfe 33- cy^^^s. ^^^-cf. 

<41> ^ wVt^ cj.= ^Al^oH nlAi 35.0)1 &<H*1, f^f^fe ^7fSl Xl 1 #7> g 

XI 2 ^7>^_H1 Q4*# TlsflAlEi* Cl i^tf. 
<42> -S. ^-tg^ Cf^ ^AHHl ttf^ nl^ 5)5.^11 . Xl 1 °J ^ ^* ^ *Rr Xl 

l ^7>, xii ^*Rr X12 #7}, ^ xi3 ^«1^Vji, XI l #*H1 ^7>si^ 

^ H7H] 71 X12 ^7>^«-Ei X13 ^7-1-jjL * ;£^cq H7 ] Wj-* 0 tol 7>^Sl^ Xl 1 

^ ^7>, XI 2 ^=U=M- ^*Rr XI 1 ^7>, XI 2 «§^*Rr X12 ^7>, ^ XU ^ 

4i7.>ol ^]3 cj^sq- 34=^H XI 3 *§^*Rr X13 c+71-1- ^til^ZL, XU ^Hl tl7>5| 

^«y-^l 37H1 7l^*H X12 X13 ^7}^ *=^r ^-ff-^l £L7l ^ i^o] 7 >^5l 

tt XI 2 ^ XU ^ X12 i7>^l X12 ^7> ^ ^Hl ^^51^ XU ^ 

XI 2 -^*1- ^^^ii:* i^-^Vcl-. 
<43> ^ «v^o] ^ cf^- ^aHHI o}-^ s\g_o\) ^ol^, og^cf ^ ^-til^ji, 

^^^ofl ol7>£l^ ^^}^ #^^5. t^sfe ^ XU ^ X12 °J 
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h.o^ #e^ofl m g XI 1 ^ Xl2 XU ^ Xl2 ^^l 

zfzj- o] 7 |-s)^ a] 5:1- Xl3 ^^EHl ^17>51^ Qi^§>^ XU ^ Xl2 ^ # 

3*Kr £tH*3 , ^Hf*r «g^Hr XU ^*Rr Xl2 ^ 

7}, £ Xl3 ^Hl^Ka, XU 9l7\s\^ #<?H1 3.7)0]] 7]^a\ xi2 #*HH X13 

#7>S i = u 3^ 37] ^ 7>^£]^ ^ i*}, ^7>B] Xl3 ig-*} ^ Xl2 

^S^i, ^ i^S] ^ g ^ 2 ^7>7>^ 7lsflAlEi# 

<44> M^o} t£ cf« ^AHlofl ttj-s olA-] S^ofl olo^ , ^JjLfe XI 1 <^ ^ ^*Hfr 

XU #7>, XU ^*Rr XI 2 5? Xl3 #7>» ^1*}JL, XI 1 #*}ofl Ol 71-5) ^ # 

371 ofl 7l^*H Xl2 T&^^-^-Ei Xl3 #7}^ Jrs^r #fMl 5L7l ^ 7>^£l^ XU 

^ ^7>, X]2 l^^fe XI 1 XI 2 ^*Rr XI 2 #7>, ^ XU ^ 

^7>5l Xl3 ^7>5l- ^£)<X X13 ^^^r-i: ^*Rr X13 ^7># ^til^>Jl ( XI 1 "?17>£1 
tt ^<y-sl =L7H1 7l^*H xl2 ^}s.^-b\ Xl3 Jl^^r #^M*) aL7l * wj-^ol 7>^£| 

*f XI 2 ^ ^ XI 1 ^ XI 2 ^ 4:7>ol Xl2 #7} £ TVofl XU ^ 

XI 2 °J 33^-1- if-tb^. 

<45> igj-tg o] cc 4^ ^AHHl 14s. tLj A-] Sl^ofl olc^A-1 , £tH?-fe Xl 1 ^ X]2 ^ iX 

21 XU ^T7> ^ XI 2 #7V Tlofl Zl-Zl ^S)^- 7l2flAlE-l# Cj i^tf. 
<46> g= ^AHHl nlA^| °J ^ ^ ^ ^l^VJl, ^^^1 

9l7\Q ^^1?1 #^SRr ^4^-, ^ XI 1 ^ X12 #^ 

^ofl ^Sl^r XI 3 ^ XU ^ X12 ^"Hl^ZL, Xll ^ XI 2 SJ^^l ^l7> 

sl^ XI 3 ^^^1 ^7>S)^ A}jr<4 01 xl 1 ^ XI 2 #^^-0.5. zl-zl- ^ 
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^fi- iw, ai <y^-a- ^*Rr *u ^ii mrn&Sr *$^*}±r m 

#7>5. JlSL^r ^^-^ 371 ^ « 0 >^o] 7>^Sl^ *fll ^ ^2 °J ^ ^ ^ ^ *}^r *fll # 

^2 ^*Rr ^2 ^7>, ^ ^s. ^3 #7]-<^ ^3 <^<EM- 

^3 ^-til^Jl, ^11 cfxH o]7l-£l^ 3.7H 7l^*M ^12 ^3.-^ 

*fl3 #7>B J: #f?-£l 3.7} ^ « 0 >^o] 7>^[£l^ ^12 afli ^ ^]2 ^ ^7>2] 

*fll ^ ^2 ^7>^_H1 ^ *fll ^ ^12 T^^Ei, ^ afll ^ ^2 ^ ^7\9\ 7fl 

2 ^ ^6)1 ^ ^ ^2 Jfs> -y^i-I- ^^cf. 

<48> ^-^dl 4= ni^ ^Hl"^ ^ H^liBi (Bipolar Junction Transistor) 

^7>^ tHMi, #2J]Ei , o\] u) Ei # ^wRVrf. w]- 0 l#2r 
^E^ tiflol^ofl o]7>£]^ H7l ^ q-^ofl n)-^, #e3]E-1S^-Ei ofl 5Ei=r ZL 

B^^l^Ei(BJT), ^ #31 14 H^^l^Ei(JFET), ^ #31 H€ 

^l^E-l(MOSFET) ^ te^ll #31 Jl^l- B^fl^l^E^(MESFET) -§-°l 

<49> SE^V, oie-j^v ^s. ±7 ,\o] tflJf^ ^3. #B^<?1 ^-7fl£| 4i7>, ^ 

^7>, c^li- 1-^, NPN H^^l^Ei , ^ ^12 #B i4, ^1* 1"^, PNP H^^l^Eil- 

^1 <$3. ^7} ^ ^fl2 #B 4l7>^ tiHol^ofl o]7j-£l^ H7l ^ ^ofl 42f^i, €-^]El 

S^-Ei oflPlEiS H ^ #^-^ ^ wj-^ol o. 3}-^. 

<50> #^*V ^ i:7> ^- t^ofl Ctj-s nlA-1 S^ofl ^<^A^ RF S]S.oflAi ^o] -§- 
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^SH-, & 7fl^-4 ^$7} wH#e} ^ H^l^Els *V^s]^ *>^4. HLtb °1 

^^H^ NPN H^W^-g- ^^*l-^n> ( M^o} 7 ]]U^. PNpoll£ ^ 

<52> £ 3 ofl E A]^ ti><4 ^-O], -g- ^6\) 4a ul^ 3 S^r ^#(301) ^ #^^(303)* 

^wl^>Jl, ^#(301 HI <^7^^ a]^ Vinl- f-^1^ #?^H=r ^^-(310), afll ifl*l *ll3 
^#(305-309), ^ *fll ^ *fl2 #3^(311, 313)*- ^l*}^, #7l ^ *j)2 ^3^(305, 
307H1 ^17>£]^ ^ ^ aijt L0+j L0-# #71 ^#(309 HI Si B] 

-8*H ^11 ^ *fl2 #^#(311, 313) f^Rr ^^(330), *fll 7-) 3fl ^1 Bl C31, ^ 

*fll ^ ^ ^ 131* S^-W. 
<53> o]*}, £. 3* ois. ^^7111- ^ *M}. 

<54> ^#^-(310)^r afll NPN S^l^Ei BN31, S\ s\- <$3)#^ DI31, ^ *fll Jf^V ^d}^ 

LI31-I- S^}^, °fl*]Ei ^ ^^th ^, *Hl NPN BN3121 ulH^^ <y 

^#(301)*- #^1^ *fll LI313 ^^£)ol #^^(303)-!:^ 

^*}^, °ll D l 3 ^ SlSf DI3151 <£i£3\- ^^t}. J^} LI3151 

^€ Vcc°fl ^3^, 51^- DI31S] e}-^ 

<55> a. ^tgo} <a^^l^Hl 4^- 5a°H, *Hl NPN H^l^Bl BN31S1 wflol^ ^ 

^J\E] 7^6\] ^12 ^3flAlE-l(£Al£l^ ^)7> *fl^ ^ ^Cf. ol 7^ JjL f ^ 2 ^^AlE^ 7^1 1 
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NPN H^^l^Bi BN31S] aflol^ ^ TVofl §^fl^ 7^ ^aflA^^S. ^1 °§^-§- 

<56> ^^(330)^ *fl2 ^ *1]3 NPN S?!^^ BN32, BN33, ^ *fl2 3l *fl3 -f-^> ^^j^i 

LI32, LI 331- af^Jl, wflol^ ^-g- ^€4. ^, *\}2 3l ^3 NPN H^l^Ei BN32, 

BN33^ nflo]^- ^ <y^^-(305, 307)* H^j*}^, M^fe A}2 3l ^3 
^ LI32, LI33^ AA A\ ^ *fl2 #^(311, 313)* ^^M, ^M^tt ^ 

g_ ^^(330)^1 ^13 ^^(309)* ^t^. *fl2 ^ *fl3 ^} <$s\&£l 

LI32, LI33^ E^^r ^ V C c°fl 

<57> ^1 ^sflAlEi C31^ #^(310)^ #^#(303) 3l ^^-(330)^ *\}3 ^#(309) 

^sjJl, *fll ^ ^ ^ 131^ €^(330)^ ^13 ^(309)^1 3^4. 

<58> £ <^aHH ^}^| ^^t!:^-. 

<59> ^^-*f (310)^ ^§m(30lHl 91 7} & ^IJll- f^*l^ t^W. ^f, *Hl NPN H*E*l^i 

3 BN31^ ^#(301)^1 9l7}& 3.7}°]} 7}^}<^ #B3jE^l^ ^1^5. l^r #-ff-# 

7>i£Aj^ ^^^(301)^1 ^7}^ a]jt Vin# ^S-Al^lcf. 

<eo> ^^(330)^ *fll 31 *\}2 <^#(305, 307)°fl z)-z)- o]7>£]^ ^ ^ ^11 L0+, L0- 

Q *\}3 °J ^<EK309H1 <?17>S|^ ^^-¥-(310)^ <# ^sHr^) 

iE^r fj-ofl *fl^]~& ^sHr^ *fll * *fl2 #^(311, 313)^.5. 

<6i> ^ll TisflAjE-l C31tt ^^-(310) 31 *W(330) *H] DC *V^H\2.3.*J , 

^-^(310) 31 ^^(330)# ^-ElAl^lcf. 
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<62> afll ^ ^ I3l£r ^ S\S.7\ 2^9) ^Sjf- ^ ^iT* 

£^"¥-(330)3 X|3 ^^^(309)^ °1 ^.f , Tfli ^ ^c* I31 6j) o^fl 

-£^(330)^ ^2 ^ *f|3 NPN BSE^I^Ei BN32, BN33^ #^eHl Ic^l 
^ -^^^H , #^(310)£] afll NPN H3l*l^B| BN3H *=^r ^fK&L^ 34. 
<63> ^, ^-&JjL( 31 o)<4 £tHf(330)» ^-el^ZL, ^W(330)^ ^3 °J^<=K309H XI 1 ^ff- 
^ ^ 131* 3^a1^cls*|, ^^(330)^1 JH-L^ ^^-7} ^«(3i 0 )ofl a^ji 

4. 

<65> 2 *H 2]^] SH*!, ^ ^ ^H^l Aj^o. 

<66> nlA^ AjtgAj ^3<M #^1" tffl, E3i ^S.^- 2 oj^cq £|5.7> 

^ K cascade )S 3^£|*r ^ a^a^o. ojs. ^ a^a^ -^^^ o]s. ^ # 

tg^aj. o^o] 4*, 3^ a)-^^ ^ a^a^o] ^o}*H, Jf.^*^ 

£r 7fl<y^V# ^o>o> A}^ 2^0} AlfgAj ^ olrf. ojs. 

°1 ^1 5]^, l-^fl^oll^ efl^^ A]Jr 7 }- «$17>£)711 S\o] ^ AjfgAlO.^ ^^flo> 

*lcf. tc^A], PlA^ a^a^ 711^^1 71 71 fl*fM*r ^j-Tfl S}JL, f^S] ^ 

* °-5L*|, «*Hr #ol^ A171J1, 1-^^ Aj^Ajo. ol^-ul^ ^Tfl *H 

#313^ Aj^-g- ^o]^ ^Jol W>^^. ^, nlAi^ ^-f ^^-(310)^ o]S.^- ^^^>7ll 
2:^Va! ^^(330)^ Aj^^* ^^-(310)^ ol^-nT-s ^ #7) ] ^ o> ^^^o] Aj^A^ 
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<67> v L ^- t V}o}^ ^ H^^l^Bl^f 9X°1*\, ^^£r B^H^liE^ 

#^EH jra^ ^ i c q. ^ o]]nlE^> Vce^l *1 e^Kr 7j-*}rf. a}-^ , 

* = £r ^^-oll JUeL^ ^-ofl o]*H &^oj ol^o.M-, ^ 

3 ^-f , ^^-(310) * ^^f(330)# ^4 ^H^iLiM, *^cq ^tg 

7> *]^( cascade )S o^ol fe*^ ^ ^o) #0}*]^ , 

(310)2} npk B^l^i BN31S] H^^^Cgm) ^ ^ h.^ oi^^^ LI31^ 

<70 > ^, *efl^ ^Jf-(310) ^ ^^(330)7> A-ls. |^|o S o]^ 

°i 44°l °1^~8: ^^^AS *)H*RrHl *>7il7> ii^^M-, ^ ^-^51 ^-fofl^r ^^(310) 

<7i> ^^Al^oil rcf^. s\s.o\) °Xo]*\, NPN H€*l^ BN31^ 

*lff- Ictt ^11 NPN H^H^l^Ei BN31^ tiflojio]] °}7}S\^ v\o]o]^ ^<y-ofl o]s}<*1 ^ 
slJl, *fll NPN H^*l^i BN312} ^-sJjEi ^ ofl^E^^ Vce£- Ic ^ *IU -^V 

LI3H ^^t}. tcJ-e]-^, NPN B^M^ BN31<H1 <y7>£]^ ^0]^^ ^ *fll 

^-f>\ LI31# 3^ -a^^-o.^, ^^-(310)^1 ^ ^-o. 

^ § Xl^. 

34-16 



1020030009013 QA' 2003/11/20 

<72> a. ^^Ai^ofl ^ oxo]^ t ^ ^13 NPN S^l^ BN32, BN33 

2} #^eHl = ^ $.^-2) ^ ^11 ^ ^ I3H = ^ *lff-^ ^ 2 

3l *H3 NPN B^^l^Ei BN32, BN33^ #H)E| ^ ^1 ^1 A]2 3l ^13 NPN H31*1^E| 

BN32, BN33^ #^41 J^s.^ ^ ^ *fl2 ^ *)]3 LI32, LI33°fl SjSH ^€ 

t}. rtf^ f *fl2 ^ ^13 NPN B^l^ BN32, BN33^ #^E^ofl = ^ ^ ^2 ^ *fl3 -f- 

LI32, LI331- 3^ #-2.3. ^^(330)^ ^ ^-g- 

#^-(310)^7 ^ oicf. 

<73> ojs.^ _ ni^ 5)^^ ^^«-(3io) ^ ^^(330)7]- ^r^£]ZL, ^«-(3io) ^ ^ 

(330)S] ^ ^Ajo. =-^^o.S ^H^SM), *)*\ S)s.<aJ Ajig^ ^ s-^o. 

^SHU ^#^(410) 31 ^^(430)7> ^ 3^r3&4xr -£ 3^1 ^AHl<2f 

rcj-s. *H ^iw. (410 )^ ^ B^l^Bi BN41 ^ DI411- i^-*}-^. 

*lll NPN HSfl^l^Ei BN41^1 tiflol^^ ^s.a.( 410 )o 1 <y ^^(401)^: ^^*>ZL, #H>Ei^ 
^-¥-(410)31 #^^(403)^- ^^3r>^, «*]] v] E-) C J 3Z] ^ DI41^ ^^tf. £) 

3}- DI41-2] Ej-ichg- 
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<77> a. tc|-^. s\s.o\] 3Xd]X\s. f ^ii npn H^^l^Ei BN41S] #^ 

<78> ^^(430)^ *fl2 ^ *fl3 NPN B^^liEi BN42, BN43 ^ *fll ^ *fl2 

LI41, LI42-& i^tj-. ^^(430) Si ^^rM^ £. 3°\] 5.*}$. *^*KE.3. 

<79> TgJ-igS] Cf^- ^AHH nfS njA^| s]ss) 

<80> *fli ^s. ^ Hio] ^4=^*1 ^NW*1, *)12 % m NPN BN42, 

BN43S1 mM^4) afl^fe w>o]^i ^<?J-(£Al5]xl ?^-)-g- *)H*M, n]Bl ^ 

U 0 1 *fll NPN B^l^ BN4121 #2J]Ei ^ ^p]Ei 0] 7 >£]£S. *Vcf . Aj-7) yj.<4 

#sJ]eH Jl e.^ *i^-ofl wlefl*}^ ^1^1 Ei ^ #^e^ ?_H] oi7>s]^ Vce* 

<8i> n^-efA^ ^tHf(430)Sl A]2 ^ ^3 NPN B^l^Ei BN42, BN43^ wHo^ ^<y-^- ^ 

^r^H ^<y-oi NPN B$*]^Ei BN41S] #BflE^ ^ *fl*lEl Vce 

*H1 o] 7 |-sl£^ *ltf. 

<82> o| f 7^11 NPN E^fl^li^ BN413} #^E^ ^ oflnjE^ Vce *H1^ ^3^) ^^-sq- 

°1 ^V^Alnh 7,]) 2 ^ 7fl3 NPN H^l^ BN42, BN43^ ^^E^oll Jr=i- ^^(430) 

^ *}^, ^, ^^(410)^ ^ #oVo>e> - Aj^^ f^A^lA] ^ ^ ojcf. 
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<83> o} nfl, ^fli npn B^xl^Ei BN4151 -f^Ei^, ^^-^-(410)^ #^#(403)) ^ 

(430)^ ^3 ^#(409) £H1 afll ^ 141-ir ^^-f-^S.^ , *fl2 9? *fl3 NPN SSfi 

BN42, BN43S] #^eH ^^^o^ ^ff-7} iL#- ^ ^cf. 

<84> oj S ^ , ^i«.( 4 io)ofl ^ll NPN H^l^Ei BM19] ^UjE^ofl ^ ic ^ 

*fll NPN H^^l^B--) BN41S] #3flE-l ^ ^HeI #<y- Vce, ^LE)J1 *fl2 ^ *fl3 NPN ^ «i 

BN42, BN43^ 1-3)E-H *s.^ ^H^-j0^.m] ( #«g>£ ^3<M JS.^^ # 

<86> £ 5 ofl r=A|^ ^ £ 3 *\) s.X\Q s\s.6\] °Xo]X] y ^ ^cl 131 

* L51 ^ 7^1^ v§m^^SL5L tt^fttfe ^ofl^ ^o]^- ^rf. ^, 

131 tfl^H LC ^ °l-g-£}^, °J^-cr ^ ^r^Hr « VinS] 2*> J1S 

4, ^ ^ L0+, 2*> Jl^s)- f-o] s>S.H ^« o. ^ l7m ^ oio] i ^s.H ^ 

<87> £ 5 6\)*\^ 0^ A]^o| ^7 3,2}. ^ ^71^- ^ LC ^ , ^l^Ei L51 

^ C517> ^ 3# JEAl*}^^ ^X}c$o\) a^A^ ojclEi ^ Ti^E^ 

^1 7>^-*j-^, £ 3«fl ^1 ±.£_£. I31o] ^ 

<88> 5E. 6^: Cfs. aJaI^o]) ttj-^. n)^ ^1*} ^jS^olcf. 

<89> £ 6 ofl £^1^ ti>^ ^-o] ( ^ 4a ^Al^ofl 4a ril^ ^^-(610) ^ 

^^(630)1- Sf-^l-Jl, ^7] ^^-(610)^1 Sf-^ ^fll NPN H^l^Ei BN6121 #a]Ei ^ afl 
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oli 7^o\] ^\^X\b\ C417> ^^o.^, ^^cHl ^Xl*Rr 7\*& ^XWH^S. «l-5d<§^ 

oo> ^, XU NPN B^l^E] BN61£] # 3 J!Bi ^ tiflol^^ofl ^Xl*Kr ?1XW^Ulfe oj^ 

<9i> n^M, S- 6<^1 ^1, X| 1 NPN B3a*liE-l BN61^1 -f-^El $ Hflol^^ofl ^ 

sfl^lBl C411- ^^1^1^, X| l NPN B^*]^ BN61^ -f-^Bl ^ «lHi*H^ ?1XM3 

&C ^XM^ C417> ^Efl# EE)Xl SqjL, T^sflAlBl C41^ ^^A}^ ^ ^ £*| S 

<92> 31 *h ^*HH £ 6^1 w>^- £tHr-(630)X| 5.^$. X|2 ^ X]3 

NPN H^^l^El BN62, BN63^ #^B] ^ XMi *H|JE. XI 2 ^ XI 3 Ti^H^ C42, C43-8: 
a|^o_3.*], X12 ^ XI 3 NPN H^M^Bl BN62, BN63^ ^ alMi ^}o\) #Xl*}"b 7] ^9] 

<93> a o v 7 ] 47 flo^ ^AlofloflA^ Ago]-!- ^ ^ oflt^JE. e} ( s i ng 1 e-ended 

type)^ ^ ^*l-££>r, ^"(differential pair)£. 

5- 5)^151 ^-g-€ ^ Sd-g-^ ^*HX| 

< 95 > gc^ B]^ S|S. 2] ^ XH^S.^, ^4 ^rU^S. 3^3- 
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<96> M-0>7>, B}^ S\S.^ ^ ^^2] <^i=H t^P}^ 71^9 T^l^^ <=§ tg^g- 
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[$^8- 11 

XI l'ifl*l X|3 5? XI 1 XI 2 ^Hl^JL, XI l g XI 2 z}- 

Z)- o]7>£|fe #71 XI 3 ^^cHI <?l7>Sl^ ^JiSf £^SH ^7) 7)}l ^ ^12 

^-71 ^ -^71 ^71 X13 ?H *r 7^1^, 

#7} ^*Hf£] ^>7l *fl3 ^^EHl ^ , ^71 «g^4| JLS^ 

^7} #7l ^tH^ A oM XI 3 ^^^1 * §>7l 

# *H sis.. 

[$^8" 2] 

XI XW*!. 

^71 ^Jffe 

<8^*Hr Xll ^7>, -S-71 ^*Rr X12 ^7>, *J ^3 #7}-fr ^P" 

al^>JL, ^>7l Xll Sl7>5|fe ^«g-6fl 3.7lo)l 7l^^><^ #7] XI 2 #*HW #7} 

3. JU=L^ H 7) g «o V ^°l 7>^£]^ i^}, 
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#7l #71 A}2 #7} ^ ^#5]^ ^} <£*\Q±l, 

#71 ^7>51 #7l *|)3 ^"7> ^ ^2 *H ^^TT Si 2^ C j5Xl^^ 

» £^>fe Sis. 
3] 

#71 #^f^r #71 ^ #71 m £ #71 »12 #7RH1 ^£ 7^13 

» c-1 i^Kr sis. 
#71 

#71 afll <a^^ ^*Kr *Hl ^7>, #71 *fll ^*Hr ^2 #7>, £ ^13 

^7># ^"til^Jl, ^7} ^11 ^7H1 ^]7}-Sl^ 37H1 7li£*H #7l *fl2 ^7>S^ # 

71 *fl3 #7>S j8ra.i=. ^fj-S} 3.7) ^ «J-^o] 7>^Sl^r ^1 4i7>, 

#71 ^12 ^^-i: ^^Rr *)U #71 ^12 ^#*Kr all 2 #7}, ^ #7l 

afll ^ ^7>S1 #71 ^13 #7}<2}- #7l ^13 ^#*Rr *fl3 ^7># ^W1<5}JI 

, #71 *]]l ^^Hl °J7>£1^ ^^-^1 S7H1 7l^^>o^ 41-7] 7\}2 ^7>S^-Ei #7l ^3 #7>3. J> 
S^ #ff-<3] 371 ^ 7}&5\±r *)2 ^ ^ 
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♦ 3E#*Rr *H SIS.. 
5] 

A oM #^f- ^ ^Tcb8r LC ^ 3L?J-*Rr SIS.. 

6] 

i ^ ^12 f^.-^ A oM ^13 ^ *u ^ ^12 

^l^ul, <#7] afll ^ *fl2 ^^^1 AA -ilJLl- ^"71 *113 917} 

5)^ ^71 *fll ^ *fl2 zj-zj- S.^of , ^ 

#71 ^"71 ^13 <^ ^^-1- ^^>7l ^ff ^ 

* 5L^-*Rr sis. 

[^"^ 7] 

#71 f^-f^r 
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# 7 i <y§m-8: ^#*Rr m #71 ^*Kr 7112 #7}, ^ ^13 ^ 

Hl^JL, #7] *ll 1 ^7>5]^ ^<y-ofl a7l oil 7}^}<^ # 7 1 z\)2 *] #7l ^3 #7} 

#7l ^ ^7>^ #7l ^13 #7} ^ ^2 ^1 ^^51^ <y^oii 

8] 

#7} ^^-^ #71 4l7}^ #7] ^11 ^7> ^ #71 *fi2 ^7>7_H] 

9] 
#71 

#7} ^11 ^^Sfe Tfll #7>, #7l ^#*Rr ^2 ^7}, ^ ^13 

^7># ^^l^Jl, #71 Tfll ^7H1 ol7>£l^ 3.7H1 7l^*M #7l A]2 &X}sL^ # 

71 ^13 * 3.7) ul Wj-^o] 7>^Sl^ a|) 1 ^ 

#71 ^12 ^^Hr ^11 ^7f, #71 *)12 ^*Rr ^12 ^7>, ^ #71 

^11 ±^0) #71 7^13 ^7>s]- #7] 7113 ^*Hr 7113 ^7>1- ^-til^Jl 

, #71 7)1 1 ^7H1 ^7>5l^ 3.7H1 7l^^><^ #7] ^2 El #7l ^3 Jl 
<=Li± 3.7} ^ 7>^Sl^ 7fl2 ^ 4i7>, ^ 
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^7} XU £ 42 ^ ±7} °\ ^7} all 2 #7} ^ ^ ^Vcfl ZfzJ- ^^tt Xll ^ X|2 

10] 

XI 1 ^ Xl2 SJ^, #7l ^7} #^<eHI XI 3 ^ Xll ^ X|2 

T^lSj-uI, ^7} Xll ^ XI 2 Z]-^ o]7>£]^ #7} XI 3 <^<EH1 <?17> 

Sl^r ^7} XI 1 ^ XI 2 ^ 

^7) %7] <&%^ *§^Rr Xll ^7>, ^-7] ^*Rr X12 #7>, 

^ X13 <£7>-& ^Hl^Jl, ^71 Xll #7H1 37H 7l^H Xl2 

*) ^7l XI 3 #7}^. * ;*}e.o} 37 ] ttj-^ol 7>^5l^ ^x}, 

#7} ^7>S1 X13 ^7> ^ XI 2 *H 3^T=)tt 5)3^ ^^i, ^ 

^"71 ^}<5l Xll ^7> g| XI 2 ^7>7>oll ^^TT T^SflAlEi 

I" iMr sis.. 

[^T 1 * 11] 

XU0« o Hl 5a°H, 
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s&7] afll ^*Rr Al *£A, #7] *U ^*Kr ^12 ^ *H3 

7l *fl3 3.7} % « 0 >^o] 7>^£)^ ^1 

^-71 ^12 S^^EM- ^*Kr ^11 ^-7] >H2 t^^cM: 1^*Rr *}|2 % ^71 

*Hl ^7>^ ^7} m ^7><4 ^£)<H # 7 ] ^3 ^i^-g- C^7># ^«l*>aL 

, A o V 7l afll <U7}S]ir H7H1 7l^sr>o^ ^-7] *fl 2 ^S^Bl #7l *)]3 #7}S * 

= 371 ^ 7}^5\±r A}2 ^ ±-A, ^ 

^-7] ^1 ^ ^12 ^ ^7>oj ^-7] *)l2 % #Q 7}o\] Z$Z\- ^^Sl^ ^1 ^ ^2 

12] 

*flll%Hl SZ<H^, 

^71 ^-71 *fll ^ A}2 ^ ^7] afll ^7} ^ a o V 7 ) *f| 2 Tiofl Z^Z| 

13] 

XI 1 ^ ^12 #7l ^#^-2] ^-71 ^^TT ^3 og^cf ( ^ ^ U ^ ^ 2 

^ -tl^^- ^"71 ^11 ^ ^12 zfrzj- #^*Kr £^-Jf 
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%y\ 411 °j ^-a- ^*Rr 411 #71 41 1 ^*Rr 412 ^v, ^ 413 

T^l^u!, a o V 7 ] t£t\o\] <>\7\S\±r 3-7}o)} 7)^}<^ #7l 4l2 ^V^-f^ # 

7] 4l3 t£AS. J:=^r ^Iff-Sl 3.71 31 «o V ^°l 7>^£]^ 4U iX }, 

#7l 4l2 ^^Kfr 41 1 #7l 4l2 ^*Kr 4|2 ^ #71 

41 1 ^ i^>^l #71 413 ^^>^1- #7l 413 ^*Kr 413 #7}« ^«1^>J1 

, #7l 4U ^Hl ^]7>£l^ ^<y-^l 3.7H1 7l5,^><4 #7l 412 ^^>S^-Ei <#7] 4l3 Jl 
3.71 ^ «o V ^°l 7>^5]^ 412 ^ ^7>, 

#71 411 ^ 412 41 1 #7} ^ 412 #*RH1 ^ ^^sl^ 41i * 4l2 7141 

*lBi, ^ 

#71 411 ^ 412 ^>51 #71 412 #7} ^ #41 AA ^^A^ 411 ^ 412 

1- X^>^ ^*1 sis. 
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